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WIND-TUNNEL INVESTIGATION AT IDy SUBSONIC SPEEDS OF THE 

STATIC AND OSCILLATORY STABILITY CHARACTERISTICS OF 

MODELS OF SEVERAL SPACE CAPSULE CONFIGURATIONS* 
I 

By Joseph L. Johnson, Jr. 

SUMMARY 

A wind-tunnel investigation a t  low subsonic speeds has been con- 
ducted i n  the Langley free-f l ight  and ful l -scale  tunnels t o  measure the 
s t a t i c  and osci l la tory s t a b i l i t y  character is t ics  of models of several  
space capsule configurations. 
t e s t s  t o  determine the effect  of rocket-engine exhaust on the s t a t i c  
s t a b i l i t y  character is t ics  of the NASA capsule model i n  the escape 
configuration. 

Included i n  the investigation were power-on 

The r e su l t s  indicated tha t  the capsule models i n  the reentry con- 
f igurat ion (blunt end forward) were s t a t i ca l ly  stable at low angles of 
a t tack but had negative damping about the transverse axis. I n  the e x i t  
configuration (canister end forward) the capsule models were s t a t i c a l l y  
unstable over the angle-of-attack range of the t e s t s  but had posit ive 
damping about the transverse axis. In  the escape configuration, the  
models had s t a t i c  s t a b i l i t y  (power-off condition) only a t  low angles of 
attack. From power-on t e s t s  of the escape configuration a t  conditions 
representing an abort pr ior  t o  launch, it was found tha t  the j e t  exhaust 
substant ia l ly  increased the s t a t i c  s t a b i l i t y  a t  low angles of a t tack and 
increased the angle of attack a t  which i n s t a b i l i t y  occurred. The L i t t l e  
Joe booster-capsule configuration was s t a t i c a l l y  s table  and had posit ive 
damping over the angle-of-attack range investigated. 

INTRODUCTION 

The National Aeronautics and Space Administration i s  conducting a 
general research investigation t o  provide some basic information on 
blunt nonlift ing reentry bodies a t  high and low speeds. I n  addition t o  
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t h i s  basic research, a wind-tunnel program i s  a l so  being conducted i n  
d i rec t  support of Project Mercury f o r  the NASA Space Task Group. 
par t  of t h i s  work, t e s t s  were conducted i n  the Langley f ree- f l igh t  and 
ful l -scale  tunnels t o  determine the low-subsonic s t a t i c  and osc i l la tory  
s t ab i l i t y  character is t ics  of several  space capsule models. 

As 

The investigation included s t a t i c  and dynamic force t e s t s  of models 
of the NASA and McDonnell capsules i n  the ex i t ,  reentry, and escape con- 
figurations. Also tes ted  were a model of the McDonnell capsule with a 
modified escape tower and a model of the L i t t l e  Joe booster-capsule con- 
figuration. 
of the NASA capsule escape configuration were a l so  determined i n  t e s t s  
i n  which the rocket engine exhaust w a s  simulated by compressed air  j e t s .  
The investigation a l so  included flow survey studies of the reentry con- 
figuration i n  order t o  obtain some visual  observation of the nature of 
the flow i n  the vicini ty  of the model for  use i n  correlation w i t h  the 
force t e s t  resu l t s .  

The e f fec ts  of power on the s t a t i c  s t a b i l i t y  charac te r i s t ics  

Since the capsule i s  a body of revolution, s t a b i l i t y  about a trans- 
verse axis may be called e i ther  longitudinal or  direct ional  s t ab i l i t y .  
I n  t h i s  report  it w i l l  be considered longitudinal s tab i l i ty ;  therefore, 
most of the data are presented as variations of pitching-moment, normal- 
force, and axial-force coefficients with angle of attack. 

SYMBOLS 

The data  a re  referred t o  the body system of axes originating a t  
the  model center of gravity. 
and angular displacements i s  shown i n  figure 1. 

S 

The posit ive direct ion of forces, moments, 

m a x i m u m  cross-sectional area perpendicular t o  X body axis, 
sq f t  

d m a x i m u m  body diameter, f t  

s, free-stream dynamic pressure, lb/sq f t  

U angle of a t tack of model center l ine,  deg 

& 

v free-stream velocity, f t / s ec  

r a t e  of change of angle of attack, radians/sec 

u) c i rcu lar  frequency of osci l la t ion,  radians/sec . -  
$#*  1 ,  
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reduced-frequency parameter, @ 
2v 

k 

Reynolds number 

pitching angular velocity, radians /se c 

angle of sideslip, deg 

rate of change of pitching angular velocity, radians/sec 

longitudinal and vertical body axes, respectively 

nozzle extension angle, deg 

Axial force 
Q 

axial-f orce coefficient, CA 

Drag force 
drag-force coefficient, " C  CD 

Normal force normal-force coefficient, 
%as CN 

Lift force lift-force coefficient, 
%us CL 

Thrust thrust coefficient, 
%os CT 

Pitching moment pitching-moment coefficient, Cm 

Lateral force lateral-force coefficient, CY 

Yawing moment yawing-moment coefficient, Cn 

Rolling moment rolling-moment coefficient, 
qlwm Cl 
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APPARATUS AND MIDEIS 

Most of the investigation w a s  made with l/k-scale models of the 
NASA and McDonnell capsules i n  the ex i t ,  reentry, and escape configu- 
rations. Also used i n  the investigation were a 0.30-scale model of the 
McDonnell capsule with a modified escape tower and a l / l0-scale model 
of the L i t t l e  Joe booster-capsule configuration. 
models a re  presented i n  figure 2 and a photograph i s  presented i n  f i g -  
ure 3. 
that'compressed a i r  could be exhausted through the rocket nozzles t o  
provide thrus t  f o r  power-on t e s t s .  I n  this arrange- 
ment, compressed air  w a s  supplied t o  the model through a f lex ib le  hose 
which passed in te rna l ly  through the capsule and along the center l i n e  
of the escape tower t o  the rocket motor. From the rocket motor, which 
served a s  a plenum chamber, the compressed air  exhausted through 
converging-diverging nozzles t o  simulate the rocket engine exhaust. 
For a few tests, extensions were added t o  the basic nozzles t o  d i r ec t  
the je t  exhaust from the design nozzle angle of 15' t o  other nozzle 
angles which varied from Oo t o  wo. 

Drawings of these 

The escape configuration of the NASA capsule was so constructed 

(See f i g .  2 (c) . )  
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The s t a t i c  force t e s t s  were conducted i n  the Langley f ree- f l igh t  
and ful l -scale  tunnels with sting-type support systems and strain-gage 
balances. 
setup with the model of the NASA capsule i n  the escape configuration 
mounted for  tes t ing  i s  shown i n  figure 4 .  
made i n  the free-f l ight  tunnel using an osc i l la t ion  apparatus which per- 
m i t t e d  the model t o  have freedom i n  pitch.  
w i t h  several different  models mounted for  pitching osc i l la t ion  t e s t s  a re  
shown i n  figure 5. In  t h i s  apparatus, e l e c t r i c a l  resolvers w e r e  geased 
d i r e c t l y  t o  the drive-shaft mechanism t o  generate e l e c t r i c a l  signals 
proportional t o  the displacement and velocity of the model. 
resolver system permitted a d i r ec t  reading of the balance output s ignals  
e i the r  i n  phase with or out of phase with angular displacement of the 
model by means of manually operated, null-seeking, readout equipment. 
A complete description of t h i s  apparatus and instrumentation i s  pre- 
sented i n  reference 1. 

A photograph of the free-fl ight tunnel s ta t ic-force- tes t  

The dynamic force t e s t s  were 

Sketches of t h i s  apparatus 

This 

TESTS 

S ta t i c  and dynamic force t e s t s  were made over an angle-of-attack 
range from 0' up t o  180° t o  determine the s t a t i c  and osci l la tory longi- 
tud ina l  s t a b i l i t y  character is t ics  of models of the NASA and McDonne11 
capsules i n  the exi t ,  reentry, and escape configurations. I n  addition, 
a few tests were made t o  determine the e f fec ts  of Reynolds number and 
the  e f f ec t s  of modifications t o  the basic NASA capsule design (increased 
canis ter  length and the addition of canis ter  f i n s )  on the s t a b i l i t y  
character is t ics  of the model. 

I n  addition t o  the power-off tes ts ,  the  NASA capsule model i n  the 
escape configuration was tes ted over an angle-of-attack range from -4.0' 
t o  40' with power on f o r  a range of th rus t  coefficients from about 2.4 
t o  about 10.0. 
metrical  conditions i n  thrus t  and escape tower configuration were a l so  
investigated. 

The e f fec ts  on s t a b i l i t y  of nozzle angle and of asym- 

Flow survey studies were made i n  the Langley free-f l ight  and f u l l -  
scale tunnels of the reentry configuration with tufts attached t o  the 
surface of the model and t o  rods extending above and below the model 
and with a t u f t  gr id  at  several s ta t ions back of the maximum diameter 
of the capsule. 

The force t e s t s  and flow survey studies were made f o r  a dynamic 
pressure range from about 1.4 t o  about 7.0 pounds per square foot which 
corresponds t o  a velocity range of about 34 f e e t  per second t o  about 
77 f e e t  per second and t o  a Reynolds number range from about 0.32 x 10 6 
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z t o  about 0.80 x 10 6 based on the m a x i m u m  diameter of the models inves- 
t igated.  
and fo r  a frequency range from 0.25 t o  1.00 cycle per 
responds t o  a range of the reduced-frequency parameter 
t o  0.07. 

The dynamic force t e s t s  were made f o r  amplitudes i n  pi tch of ?5' 
second which cor- d 

k of about 0.02 

RESULTS AND DISCUSSION 

Presentation of Data L 
9 
0 
7 

Data for the capsule models i n  the e x i t  and reentry configurations 
are  shown i n  figures 6 t o  14. Data for  the capsule models i n  the escape 
configuration are shown i n  figures 15 t o  23. Data for  the L i t t l e  Joe 
booster-capsule configuration a re  shown i n  figures 24 and 25. 
t o  the data i s  presented i n  table  I. 

An index 

Exit and Reentry Configurations 

S ta t ic  longitudinal s t a b i l i t y  character is t ics . -  The longitudinal 
data for  the McDonnell capsule model a re  presented i n  figure 6(a) fo r  an 
angle-of-attack range from Oo t o  180° and f o r  a Reynolds number range from 
0.34 x lo6 t o  0.70 x lo6. 
w a s  s t a t i ca l ly  longitudinally s table  i n  the reentry configuration (blunt 
end forward) but was unstable i n  the e x i t  configuration (canister end 
forward), The s t a b i l i t y  of the reentry configuration decreased above 
an angle of attack of 30°, but the model had a restoring moment through 
the angle-of-attack range of the t e s t s .  In  the region of an angle of 
a t tack of goo this restoring moment w a s  appreciably reduced. The reentry 
configuration had a negative slope of the normal-force curve a t  low 
angles of a t t a c k  which i s  character is t ic  of blunt, sharp-edge bodies of 
t h i s  type. 

The data show tha t  the McDonnell capsule model 

The l i f t  and drag data f o r  the model ( f ig .  6 (b ) )  show a negative 
slope of the lift curve a t  low angles of a t tack and negative values of 
lift coefficient through an angle of a t tack of about 90'. 

A comparison plot  of the s t a t i c  longitudinal s t a b i l i t y  data obtained 
f o r  the McDonnell and NASA capsule models i s  presented i n  figure 7. These 
data show no great difference i n  the character is t ics  of the two models. 

The data from t e s t s  made t o  determine the e f fec t  on the longitudinal 
s t ab i l i t y  character is t ics  of the NASA capsule model of increasing the 
canister length and of adding f i n s  t o  the canis ter  are  presented i n  f ig -  
ure 8. These data show tha t ,  as expected, increasing the canister length 



L 
9 
0 
7 

o r  adding f i n s  t o  the canister increased the s t a t i c  longitudinal s ta-  
b i l i ty ,  reduced the negative slope of the normal-force curve at  low 
angles of attack, and increased the normal-force coefficient a t  high 
angles of attack. 

7 

Presented i n  figures g(a)  and g(b) are longitudinal data f o r  the 
NASA capsule model obtained i n  the present investigation compared w i t h  
data obtained from fu l l - s ize  model t e s t s  a t  low speeds i n  the Langley 
ful l -scale  tunnel (data taken from ref .  2 ) .  
increasing the Reynolds number from l e s s  than 1 x lo6 t o  4.85 x 10 6 
decreased the s t a t i c  s t a b i l i t y  somewhat but generally did not great ly  
a f fec t  the other character is t ics  of the configuration. 

These data show tha t  

S t a t i c  l a t e r a l  characterist ics.-  Force tests were made t o  determine 
the l a t e r a l  forces and moments of the McDonnell capsule model i n  the 
reentry configuration a t  0' sidesl ip  for  an angle-of-attack range from 0' 
t o  goo. 
re la t ive ly  large yawing moments fo r  angles of a t tack of about 40' t o  90'. 
A p lo t  of Cn/Cm against a indicates that a t  some of the higher angles 
of a t tack  the yawing moments were equal t o  o r  greater than the pitching 
moments. 
i n  the Langley spin-tunnel dynamic t e s t s  of t h i s  reentry configuration. 
I n  these t e s t s  the capsule usually osci l la ted i n  one plane a t  about a 
constant amplitude up t o  angles as high as  goo, but a t  times the model 
stopped t h i s  type of motion a t  the peak of an osc i l la t ion  and s ta r ted  
rotat ing about the ve r t i ca l  wind axis, apparently because of some l a t -  
e r a l  disturbance. 

The r e su l t s  of these t e s t s  are  presented i n  figure 10 and show 

These r e su l t s  appear t o  explain unpublished r e su l t s  obtained 

Flow studies of reentry configuration.- In order t o  obtain some 
v isua l  observation of the nature of the flow around the capsule model 
i n  the reentry configuration, flow surveys were made with tufts attached 
t o  the surface of the model and t o  rods extending above and below the 
model. Photographs of the model i n  t h i s  setup are  shown i n  figure 11 
f o r  an angle-of-attack range from 0' t o  40'. 
these photographs show a region of disturbed flow behind the model which 
extended beyond the maximum diameter of the blunt surface. 
disturbed flow region the air flow i s  generally opposite i n  direct ion 
t o  that of the f r ee  stream. 
a l l  of the model back of the blunt forward surface. 
attack, the photographs show t h a t  the disturbed flow region w a s  above 
the model and that smooth air flow swept the lower surface of the model 
i n  an upward direction. 

A t  an angle of a t tack  of 0' 

Within t h i s  

This reversed flow almost completely immersed 
A t  high angles of 

I n  addition t o  the flow studies made t o  determine the nature of the 
flow around the model, t u f t  gr id  and flow survey measurements were &de 
a t  several  s ta t ions back of the reentry configuration. 
these flow survey measurements are presented i n  f igure 12 i n  the form of 

The r e su l t s  of 
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contours of constant l i nes  of 
t o  free-stream dynamic pressure) and downwash- and sidewash-angle vec- 
t o r s  denoting deviations from the free-stream direction. Although the 
r e su l t s  of the flow measurements are presented as constant values of 
and angular deviations, actual ly  these measurements were changing con- 
t inual ly  a t  each s ta t ion because of the random nature of the flow around 
the capsule. The values of q /q ,  and the angular deviations plot ted i n  
f igure 12 are therefore average measurements taken over a considerable 
length of time. These data show tha t  at 9 diameters back of the model 
( f i g .  12(a))  there was a maximum loss i n  dynamic pressure of about 
25 percent and maximum deviations i n  air  flow of the order of 3 O  or  bo. 
T h i s  station i s  the approximate location of the main parachute canopy 
f o r  the landing phase of the capsule f l i g h t  program. The flow measure- 
ments a t  6 and 3 diameters back of the capsule ( f igs .  12(b) and 12 (c ) )  
show maximum losses i n  dynamic pressure of about 35 percent and 67 per- 
cent, respectively, and considerably higher deviation of a i r  flow than 
a t  the 9-diameter s ta t ion.  

q/% ( r a t i o  of l oca l  dynamic pressure 

q/G 

Pitching osc i l la t ion  derivatives.- The pitching osc i l la t ion  deriva- 
t i v e s  measured a t  several different  values of the reduced-frequency 
parameter k are presented i n  f igures  13 and 14 f o r  the McDonnell and 
NASA capsule models, respectively. 
McDonnell capsule had negative damping i n  p i tch  C, + C i n  the 

reentry configuration and posit ive damping -(kg + k) i n  the e x i t  

configuration. 
had positive damping i n  pi tch and, although the data show considerable 
scat ter ,  there appears t o  be no consistent e f fec t  of frequency on the 
damping-in-pitch derivative. 
displacement during the osc i l la t ion  tests, C N ~  + k%Nq and C& + k2G4, 
show no consistent e f fec t  of frequency and are  i n  generally good agreement 
with the resu l t s  of the s t a t i c  force t e s t s  (k = 0) .  

The data of figure 13 show that the 

( 9  .&) 
Above an angle of a t tack of about 30' the model generally 

The derivatives measured i n  phase with 

The pitching osc i l la t ion  derivatives of the NASA capsule model i n  
the reentry configuration ( f ig .  14) were measured a t  an angle of a t tack  
of Oo f o r  the basic configuration and fo r  the model with increased can- 
i s t e r  length and with f i n s  added t o  the canister.  These data show tha t  
the basic configuration had about the same amount of negative damping as  
the McDonnell capsule a t  
or  adding canister f i n s  made the model more undamped despite the fac t  t ha t  
these configuration changes increased the s t a t i c  s t a b i l i t y  of the model. 
The data a l so  show generally good agreement between the derivatives meas- 
ured i n  phase with displacement during the osc i l la t ion  t e s t s  and the  
r e su l t s  of s t a t i c  force t e s t s .  

a = 0' and tha t  increasing the canister length 
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Although the data of figure 14 show much larger values of negative 
damping f o r  the model w i t h  increased canister length than f o r  the basic 
configuration, unpublished Langley spin-tunnel resu l t s  have shown t h a t  
the amplitude of the free-fl ight osci l la t ions of the model with the 
increased length was only about +30° whereas f o r  the basic configuration 
t h i s  amplitude varied from &lo t o  +W0. 
data  measured a t  small amplitudes (such as t h a t  presented i n  the present 
investigation) may not be applicable i n  cases where the amplitudes of 
the osc i l la t ions  are very large. 

This r e su l t  indicates t h a t  

I n  order t o  obtain some information which might be useful i n  
explaining the damping r e su l t s  of the reentry configuration, tufts were 
attached t o  the surface of the model ( i n  a similar manner t o  tha t  used 
i n  the flow studies of the s t a t i c  setup) and observed while the model 
w a s  osc i l la t ing  i n  pitch. Analysis of movies made of these studies 
showed that, as  the model oscil lated,  the flow over the rear  portion of 
the model w a s  i n  the same direction as the  motion of the  rear portion 
of the model and therefore was i n  the direct ion t o  produce negative 
damping. This flow variation might be explained as follows: 
s t a t i c  condition, as  pointed out ear l ier ,  increasing the angle of a t tack 
of the  capsule produced an upwash over the rear  portion of the capsule. 
T h i s  upwash tends t o  produce a s t a t i ca l ly  s tabi l iz ing effect  i n  much the 
same manner tha t  the downwash behind a wing produces a s t a t i c a l l y  desta- 
b i l i z ing  e f fec t  on the horizontal t a i l .  For the dynamic case involving 
an osc i l la t ion  i n  pitch, there i s  a lag i n  t h i s  upwash over the r ea r  
portion of the capsule which produces a decrease i n  damping i n  the same 
manner tha t  the lag of downwash behind a wing increases the damping con- 
t r ibu ted  by a horizontal ta i l .  
upwash resulted i n  negative damping f o r  angles of a t tack less than No. 
(See f i g .  13.) 

I n  the 

The destabi l iz ing e f fec t  of the lag of 

Escape Configuration 

Presented i n  f igure 15 are the data obtained with the McDonnell 
configuration a t  Reynolds numbers of 0.60 x 10 6 and 0.85 x 10 6 . 
data  show tha t  the model had s t a t i c  s t a b i l i t y  only a t  low angles of 
attack. 

T g s e  

A comparison of the data f o r  the NASA configuration, the McDonnell 
configuration, and the McDonnell configuration with a modified escape 
tower ( f ig .  16) show generally similar trends i n  the s t a t i c  character- 
i s t i c s  f o r  the three configurations investigated. The McDonne11 con- 
f igurat ion with the modified escape tower showed much larger unstable 
pitching moments a t  the higher angles of attack. 
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In addition t o  the t e s t s  fo r  the three configurations ju s t  dis-  

J 
cussed, a few preliminary t e s t s  were also conducted with the McDonnell 
configuration t o  determine the e f fec t  of modifications t o  the forward 
end of the rocket motor i n  an attempt t o  reduce the drag of this segment 
and thereby increase the s t a t i c  s t a b i l i t y  of the configuration. These 
modifications consisted of the addition of several  d i f fe ren t  ogive radii 
t o  the nose of the rocket motor. Results of these t e s t s  (presented i n  
f i g .  17) show l i t t l e  o r  no effect  of these modifications on the s t a t i c  
s t a b i l i t y  character is t ic  s . 

Power-on s t a t i c  longitudinal s t a b i l i t y  characterist ics.-  Thrust f o r  
the power-on t e s t s  was obtained by compressed air  which w a s  supplied t o  
the m o d e l  through a small f lex ib le  hose. 
it w a s  impractical t o  represent the scaled rocket th rus t  (500 pounds f o r  
a l/)+-scale model), a l l  the t e s t s  were made by using the maximum thrus t  
available (approximately 50 pounds) and varying the dynamic pressure of 
the tunnel t o  represent ful l -scale  thrus t  coefficients.  By using t h i s  
procedure, a range of th rus t  coefficients was investigated which was 
generally representative of the thrus t  coeff ic ients  experienced by the 
ful l -scale  configuration a f t e r  a burning time of about 0.5 second (from 
an i n i t i a l  s t a t i c  condition) t o  a burnout time of about 1 .2  seconds. 
In these t e s t s  no attempt w a s  made t o  simulate the proper mass flow o r  
nozzle j e t  velocity. Since these fac tors  are  known t o  be important i n  
j e t  effect  studies, t e s t s  i n  which ful l -scale  nozzle flow character is t ics  
a re  more nearly represented could possibly produce r e su l t s  considerably 
different  from those presented herein. 

Since i n  t h i s  investigation 
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Presented i n  figure 18 are the s t a t i c  longitudinal s t a b i l i t y  data  
over an angle-of-attack range from -40° t o  4.0' f o r  a range of values 
of CT. These data show tha t  increasing CT produced a substant ia l  
increase i n  s t a t i c  s t a b i l i t y  and increased the angle of a t tack a t  which 
the model became unstable, par t icular ly  f o r  the posit ive angle-of-attack 
range. In  the negative angle-of-attack direction, s i m i l a r  but l e s s  pro- 
nounced effects  occurred and, a t  some values of CT, the angle of a t tack 
at  which i n s t a b i l i t y  occurred was reduced from t h a t  of the power-off 
case. 

In  order t o  study the flow character is t ics  of the j e t  exhaust i n  
the vicini ty  of the model, long streamers were attached t o  the rocket 
nozzle and observed a t  tunnel conditions similar t o  those used i n  the 
force t e s t s .  From these studies it w a s  observed tha t  at an angle of 
a t tack of Oo, the streamers generally followed the 15O angle of the 
nozzles and did not impinge d i rec t ly  on the cone-shape afterbody. 
posit ive or  negative angles of attack, however, the streamer on the 
forward side of the model was deflected by the f ree  stream and impinged 
on the capsule surface. The streamer downwind, on the other hand, was 
deflected away from the model. 

A t  

On the basis  of these t e s t s  it would 
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appear t ha t  the aerodynamic characterist ics of the model would be pr i -  
marily influenced by the exhaust from the forward rather  than from the 
rearward side of the model. 

Results of force t e s t s  i n  which the model was tes ted with j u s t  the 
two top nozzles exhausting or  w i t h  j u s t  the lower nozzle exhausting 
(presented i n  f ig .  19) tended t o  verify these observations tha t  the 
aerodynamic character is t ics  of the model are  primarily influenced by 
the  exhaust from the forward nozzle. 
pitching moments for the basic three-nozzle configuration were more 
s i m i l a r  t o  those f o r  the one-nozzle configuration at posit ive angles of 
a t tack and more similar t o  those fo r  the two-nozzle configuration a t  
negative angles of attack. 

That is, the data  show that the 

Presented i n  figure X) are  the resu l t s  of studies of the e f f ec t s  
of the j e t  exhaust on the aerodynamic character is t ics  of the model i n  
which the angle of attack was varied i n  a plane 90' t o  t ha t  used i n  the 
previous t e s t s .  An angle-of-attack variation i n  t h i s  manner should 
r e su l t  i n  symmetrical j e t  exhaust flow conditions over the model at  
posit ive and negative angles of attack. 
t h i s  condition show i n  f a c t  t ha t  the data f o r  t h i s  case are  more nearly 
symmetrical a t  negative and positive angles of a t t a c k  than the data of 
f igure 18. 

Force t e s t  data obtained f o r  

The r e su l t s  of t e s t s  t o  determine the e f fec t  of nozzle angle on 
the longitudinal character is t ics  of the model are presented i n  f igure 21. 
The value of 
15' nozzle angle condition and i s  used as a reference f o r  the other 
angles since a l l  the t e s t s  were made a t  the same l i n e  pressure. It i s  
real ized tha t  t h i s  value of i s  only approximate a t  the lower and 

and higher nozzle angles since the thrust  was reduced s l igh t ly  by the 
exhaust def lectors  (see f ig .  2 (c ) )  and since the value of % measured 
along the X body axis varied a s  the cosine function of the nozzle angle. 
This reference value of CT, however, represents an average thrus t  coef- 
f i c i e n t  f o r  the conditions investigated and i s  believed t o  be suffi- 
c ien t ly  accurate f o r  determining qualitative e f f ec t s  of nozzle angle 
on the longitudinal s t a b i l i t y  character is t ics  of the model. 

CT of 10.20 fs based on the thrus t  measured f o r  the 

CT 

The data of figure 21 show large variations i n  the pitching-moment 
coefficient with nozzle angle. 
favorable e f fec ts  of the j e t  exhaust on the s t a b i l i t y  character is t ics  
of the model and appeared t o  be the optimum nozzle angle from t h i s  

standpoint f o r  the range of nozzle angles tested.  

produced large destabil izing e f fec ts  of the j e t  exhaust while the 22L 2 

The 15' nozzle angle produced large 

The 7L0 nozzle angle 
2 

0 
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. . 0.. .. . ... . . 0 .  . 0 .  
0 .  0 .  . 

and wo nozzle angle conditions produced r e l a t ive ly  small destabi l iz ing 
e f fec ts .  The 00 

importance since 
f ront  end of the 
cases where this 
of ins tab i l i ty .  

angles of at tack 
e f fec t  of nozzle 

0 
and 7L nozzle angle conditions a re  of l i t t l e  p rac t i ca l  

2 
i n  these cases the je t  exhaust impinged d i r ec t ly  on the 
canister.  These r e su l t s  do indicate, however, t h a t  i n  
type of impingement occurs there ex i s t s  the poss ib i l i t y  
A plot  of \ against nozzle angle (determined f o r  
of +5O i n  f ig .  21) i s  presented i n  figure 22 t o  show the 
angle on the s t a t i c  s t a b i l i t y  parameter more clearly.  

Pitching osc i l la t ion  derivatives.- The pitching osc i l la t ion  deriv- 
a t ives  measured f o r  the  escape configuration of the McDonnell capsule 
are  presented i n  figure 23 fo r  values of k of 0.035 and 0.070. These 
data  show tha t  the model had posit ive damping i n  pi tch 
a t  an angle of a t tack of 0' and tha t  the damping increased as the angle 
of attack increased. Very l i t t l e  or no e f fec t  of frequency i s  shown 
by the data and the derivatives i n  phase with displacement are  i n  good 
agreement with the static-force-test  r e su l t s  (k = 0) .  

-(% + c.aL) 

Capsule-Booster Configuration 

S ta t ic  longitudinal s t a b i l i t y  characterist ics.-  The s t a t i c  longi- 
tudinal  s t a b i l i t y  character is t ics  of the L i t t l e  Joe booster-capsule 
configuration are presented i n  figure 24. 
f iguration was s t a t i c a l l y  longitudinally s table  i n  the low angle-of-attack 
range and had an increase i n  restoring moment with increasing angle of 
a t tack up t o  90'. 

These data show that the con- 

Pitching osc i l la t ion  derivatives.- The pitching osc i l la t ion  deriv- 
a t ives  measured f o r  the L i t t l e  Joe booster-capsule configuration a re  
presented i n  figure 23 f o r  a value of k of 0.028. These data show 
tha t  the configuration had posit ive damping i n  pi tch a t  an angle of 
a t tack of 0' and t h a t  the damping generally increased up through an 
angle of attack of TO0. 
placement are  i n  good agreement with the r e su l t s  of s t a t i c  tests. 

The derivatives measured i n  phase with dis- 

The coeff ic ients  and derivatives presented i n  f igures  24 and 25 
f o r  the capsule-booster configuration are very large i n  magnitude com- 
pared with those of the other capsule configurations tes ted  because 
they were based on the m a x i m u m  diameter and corresponding cross-sectional 
area of the booster ra ther  than on the f i n  o r  t a i l  area and t a i l  span. 

r )  

J 

L 
9 
0 
7 

L 

c 
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9 
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SUMMARY OF RESULTS 

Results of wind-tunnel t e s t s  at low subsonic speeds t o  determine 
the s t a t i c  and osci l la tory longitudinal s t a b i l i t y  character is t ics  of 
models of several space capsule configurations are summarized as follows: 

1. The capsule models i n  the reentry configuration (blunt end for- 
w a r d )  were s t a t i ca l ly  longitudinally stable a t  low angles of attack but 
had negative damping i n  pitch. I n  the e x i t  configuration (canister end 
forward) the capsule models were s t a t i ca l ly  longitudinally unstable over 
the angle-of-attack range of the t e s t s  but had positive damping i n  pitch. 

2. The capsule models i n  the escape configuration had s t a t i c  lon- 
g i tud ina l  s t a b i l i t y  (power-off condition) only a t  low angles of attack. 
From power-on t e s t s  of the escape configuration a t  conditions representing 
an abort p r ior  t o  launch, it was found tha t  the j e t  exhaust substantially 
increased the s t a t i c  s t a b i l i t y  a t  l o w  angles of attack and increased the 
angle of attack at  which in s t ab i l i t y  occurred. 

3 .  The L i t t l e  Joe booster-capsule Configuration w a s  s t a t i c a l l y  lon- 
gi tudinal ly  stable and had posit ive damping i n  p i tch  over the angle-of- 
a t tack range investigated. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va., February 18, 1960. 
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NASA configuration McDonnell configuration 

(a) l/k-scale models of the reentry and e x i t  configurations. 

Figure 2.- Sketches of models used i n  the investigation. All dbensions 
are  i n  inches. 
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(b) Escape configurations. 
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( d )  0. +scale McDonnell m o d e l  with modified escape tower. 

Figure 2. - Continued. 
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(e) Sketch of l/lO-scale model of the Little Joe boos 
configuration used in the investigation. 

Figure 2.- Concluded. 
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ter-capsule * 
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l/h-scale model l/h-scale model 3/10-scale model of l/l0-scale model 
of NASA escape of McDonnell McDonnell escape of Little Joe 
configuration escape configuration with booster-capsule 

I configuration modified tower configuration 
L 39-4683.1 

Figure 3.- Photograph of models used in the investigation. .. 



22 

moe om 
a 0  e e  m a  
0 a 0  ma a m o e  

-am m a m  m a  m a  m a  m o  
mo mom 

459-  3177 

Figure 4.- Photograph of the force test setup in the Langley free-flight 4 

tunnel with the 1/4-scale model of the NASA capsule model in the 
escape configuration mounted for testing. 
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(c) Little Joe booster-capsule configuration. 

Figure 5.- Concluded. 
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[a) Variation of &, CA, and CN with angle of attack for the reentry 
and exit configurations. 

Figure 6. - Static longitudinal characteristics of the McDonnell capsule 
model. 
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(b) Comparison of longitudinal wind-axes data with body-axes data. 

Figure 6.- Concluded. 
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Figure 7.- Comparison of static longitudinal characteristics of the 
NASA and McDonnell capsule models in the reentry configuration. 
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Canister length,in. 

0 I O  
0 20 
0 3 0  
A 20 plus fins 
b 3 0  plus fins 

Figure 8.- Effect of extended canister length and the addition of can- 
ister fins on the static longitudinal characteristics of the NASA 
capsule model in the reentry configuration. 
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Figure 9.- Effect of Reynolds number on the low-speed static longi- 
tudinal characteristics of models of the NASA capsule in the reentry 
configuration. 
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(b) 17.5-inch canister 

Figure 9.- Concluded. 
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Figure 10.- Lateral  s t a b i l i t y  coefficients a t  0' s ides l ip  of the 
McDonnell capsule model i n  the reentry configuration. 
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a = 40" - 
L-60-261 .- Photographs of tu t flow stu--es of the McDonnell capsule 

model in the reentry configuration. p = 0'. 
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(a) 9 diameters back of reentry configuration. 

Figure 12.- Downwash and sidewash angles (vectors denote deviations of 
air flow from free-stream direction in degrees) and contours of 
dynamic-pressure ratio, q / L  for the McDonnell capsule model meas- 
ured in the Langley full-scale tunnel. a = Oo, p = 0'. 
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(b) 6 diameters back of reentry configuration. 

Figure 12. - Continued. 



( e )  3 diameters back of reentry configuration. 

Figure 12. - Concluded. 
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Figure 14.- Longitudinal oscil latory s t a b i l i t y  derivatives measured i n  
forced osci l la t ion tests i n  pitch of'the NASA capsule model i n  the  
reentry configuration. a = 0 0 . 
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Figure 15.- Static longitudinal characteristics of the McDonnell 
capsule model in the escape configuration. 
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Figure 17.- Effects of modifications to the rocket motor nose section 
on the static longitudinal characteristics of the McDonnell capsule 
model in the escape configuration. 
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Figure 18.- Power-on static longitudinal characteristics of the model 
of the NASA capsule in the escape configuration. 



42 

Nozzles exhausting CT ,. * "  
0 I 3 27 

a convention' Q@ 3 0 2,3 6 45 
0 1,2.3 10 2 0  

.4 

2 

0 

Cm 
-.2 

- 4  

-6 

0 

CA 
-10 

2.2 

2.0 

1.8 

1.6 

I .4 

1.2 
CN 

1.0 

.8 

6 

.4 

2 

0 

-.2 

- 4 

-6 

-.8 

-1.0 

-1.2 
40 -30 -20 -10 0 IO 20  30 40 

a. deg 

Figure 19.- Effect of th rus t  asymmetry on the s t a t i c  longitudinal 
character is t ics  of the model of the NASA capsule i n  the escape 
configuration. 
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Figure 24.- Static longitudinal characteristics of the Little Joe 
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